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[57] ABSTRACT 

A loW noise ampli?er structure based on a Differential 
Difference Ampli?er (DDAl) having a differential output 
(outp, outn) and tWo differential pairs of input terminals (N1, 
P1; N2, P2). The input signal (VIN) is applied to terminals 
(N2, P1) Which belong to different differential pairs. In this 
Way, none of the differential pairs receives a high input 
signal, and hence none of them cause unacceptable harmonic 
distortion. The dynamic input range is thus high. The gain of 
the structure is determined by a resistive circuit (R2a, R2a‘; 
R2b, R2b‘) coupled to the remaining terminals (N1, P2) of 
the differential pairs. The common mode of these remaining 
terminals (N1, P2) is, independently from the output com 
mon mode, biased at the input common mode via a common 
mode feedback circuit (DDA2; GL1, GHl, GH3, R2a, R2a‘; 
GL2, GH2, GH4, R2b, R2b‘) based on a second differential 
difference ampli?er (DDA2). Some switching elements 
(GL1, GHl, GH3; GL2, GH2, GH4) alloW the gain to be 
programmed and prevent the common mode feedback cir 
cuit from injecting differential noise if the gain is high. The 
structure is adapted to amplify signals of 1 Vpp With 
acceptably loW distortion. 

8 Claims, 1 Drawing Sheet 

GL1 l 
RZQ CH3 



5,861,778 Jan. 19,1999 U.S. Patent 

5:0 

5 

( 

EL £1 g 

Q 1/1 N5 

>2 

8 

5 

6 

b2 

~< {E10 

26 DE 

:0 \l 
2 



5,861,778 
1 

LOW NOISE AMPLIFIER STRUCTURE 

BACKGROUND OF THE INVENTION 

1. Technical Field 

The present invention relates to a loW noise ampli?er 
structure dapted to amplify an input signal applied to input 
terminals thereof to thereby generate an output signal at an 
output thereof, said structure including: 

a differential difference ampli?er having said output and 
a plurality of input terminals arranged in a ?rst and in 
a second differential input pair, said ?rst differential 
input pair comprising a ?rst input terminal of a ?rst 
polarity type and a second input terminal of a second 
polarity type opposite to said ?rst polarity type, and 
said second differential input pair comprising a third 
input terminal of said ?rst polarity type and a fourth 
input terminal of said second polarity type; and 

a feedback structure including ?rst feedback means (Rla, 
Cla; Rlb, Clb) coupled betWeen said output and at 
least one input terminal among said plurality and 
second feedback means (R2a, R2a‘; R2b, R2b‘) coupled 
betWeen said one input terminal and a common node, 
said input signal being applied to a set of tWo input 
terminals among said plurality and different from said 
one input terminal. 

2. Discussion of Related Art 
Such a loW noise ampli?er structure is already knoWn in 

the art, eg from the article “A 3.3-V 800-nVrms Noise, 
Gain-Programmable CMOS Microphone Preampli?er 
Design Using Yield Modeling Technique” by G. Nicollini et 
al. of SGS-Thomson Microelectronics, and published in the 
IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 28, 
NO. 8, Aug. 1993, pages 915 to 921. Therein, different 
ampli?er arrangements are compared in order to obtain a 
loW noise ampli?er structure With a high resistive input 
impedance and a Wide input common mode range. It has 
been proved that the best structure is based on the use of a 
“Differential Difference Ampli?er” (DDA). In this best 
knoWn structure, the input signal is applied to the ?rst 
differential input pair of the ampli?er. The ?rst feedback 
means of the feedback structure Which controls the gain of 
the ampli?er, is constituted by a ?rst resistor connected 
betWeen the output and an input terminal of the second 
differential input pair, While the second feedback means is 
constituted by a second resistor connected betWeen the latter 
input terminal and the common node Which, in this case, is 
the ground. The other input terminal of the second differ 
ential input pair is also connected to the common node, i.e. 
to the ground. 
A problem With this knoWn loW noise single ended 

ampli?er structure is that an unacceptable distortion appears 
in the output signal When the amplitude of the input signal 
becomes relatively high, eg in the range of 1 Vpp. In the 
article, the amplitude of the input signal is limited to 100 
mV. 

The reason thereof is that the dynamic range of a single 
differential input pair is insuf?ciently high. This dynamic 
range can for instance be enlarged by decreasing the Width 
to-Length ratio (W/L) of the input transistors of the differ 
ential input pair. HoWever, smaller transistors result in more 
input referred noise Which is not recommended for loW noise 
ampli?ers. 

SUMMARY OF INVENTION. 

An object of the present invention is to provide a loW 
noise ampli?er structure of the above knoWn type With a 
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2 
high resistive input impedance, a Wider input common mode 
range and Which operates in a fully differential Way. 

According to the invention, this object is achieved due to 
the fact that said input signal is applied betWeen said second 
and said third input terminals of opposite polarity types of 
said ?rst and second differential input pairs respectively, that 
said output is a differential output comprising a ?rst output 
terminal and a second output terminal, that said ?rst feed 
back means comprises a ?rst feedback circuit coupling said 
?rst output terminal to said ?rst input terminal of said ?rst 
differential input pair, and a second feedback circuit cou 
pling said second output terminal to said fourth input 
terminal of said second differential input pair, and 

that said second feedback means comprises a third feed 
back circuit coupling said ?rst input terminal to said 
common node, and a fourth feedback circuit coupling 
said fourth input terminal to said common node. 

In this Way, a fully differential ampli?er structure With a 
high input impedance and a Wide range for input common 
mode is obtained. Indeed, the input signal is applied to input 
terminals Which belong to different differential input pairs of 
the differential difference ampli?er. As a result, none of the 
differential pairs receive a high input signal, and hence none 
of them cause unacceptable harmonic distortion. The 
dynamic input range increases thereby signi?cantly. The 
input impedance is determined by the input transistors of the 
differential difference ampli?er and has therefore a relatively 
high resistive value. The gain of this structure is determined 
by the ratios of the feedback circuits coupled to the ?rst and 
fourth input terminals of the differential difference ampli?er. 

To even more increase the input common mode range, 
another characteristic feature of the present invention is that 
said structure further includes input common mode adjust 
ment means comprising a second differential difference 
ampli?er and a resistive feedback netWork, that said second 
differential difference ampli?er has a second differential 
output comprising a third output terminal and a fourth output 
terminal, and has a second plurality of input terminals 
arranged in a third and in a fourth differential input pair, said 
third differential input pair comprising a ?fth input terminal 
and a siXth input terminal of opposite polarity types, and said 
fourth differential input pair comprising a seventh input 
terminal and an eighth input terminal of opposite polarity 
types, that said siXth and eighth input terminals are con 
nected to said second and third input terminals respectively 
of the ?rst mentioned differential difference ampli?er, and 
said ?fth and seventh input terminals are connected to said 
?rst and fourth input terminals respectively of said ?rst 
differential difference ampli?er, and that said resistive feed 
back netWork includes said feedback structure (Rla, Cla, 
R241, R241‘; Rlb, C1, R2, R2‘) Whereof said third feedback 
circuit and said fourth feedback circuit are resistive means 
coupling said ?fth input terminal to said seventh input 
terminal via said common node, and is adapted to couple 
said third and fourth output terminals of said second differ 
ential difference ampli?er to said ?rst and fourth input 
terminals respectively of said ?rst differential difference 
ampli?er. 

In this Way, the input common mode adjustment means 
sources currents into the ?rst differential difference ampli?er 
Whereby the input common mode range of the latter is 
increased. In other Words, the common mode of these input 
terminals is, independently from the output common mode, 
biased at the input common mode via the input common 
mode adjustment means Which acts as a common mode 
feedback circuit based on the second differential difference 
ampli?er, 
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In order to allow the gain of the present structure to be 
modi?ed, still another characteristic feature thereof is that 
said resistive feedback network further includes sWitching 
means adapted to couple said third and fourth output termi 
nals of said second differential difference ampli?er to said 
?rst and fourth input terminals of said ?rst differential 
difference ampli?er either directly for a ?rst status of said 
sWitching means or via said resistive means for a second 
status of said sWitching means. 

The present loW noise ampli?er structure is thereby 
provided With a programmable gain Which can be set loW or 
high according to the status of the sWitching means. 

In more detail, each of said third and fourth feedback 
circuits include a same plurality of series connected 
resistors, and said sWitching means includes: 

a ?rst pair of sWitches adapted to connect said third and 
fourth output terminals of said second differential dif 
ference ampli?er to said ?rst and fourth input terminals 
of said ?rst differential difference ampli?er; 

a second pair of sWitches adapted to connect said third and 
fourth output terminals of said second differential dif 
ference ampli?er to said common node of said third and 
fourth feedback circuits; and 

at least a third pair of sWitches, each sWitch of said third 
pair being connected across a resistor of a distinct one 
of said resistive means. 

By a suitable control of the sWitching means, it is thus 
possible to obtain several different gain modes. 

Also another characteristic feature of the present inven 
tion is that said ?rst status of said sWitching means corre 
sponds to a relatively loW gain of said structure for Which the 
sWitches of said ?rst pair of sWitches are closed, While the 
sWitches of said second and third pairs of sWitches are open, 
and that said second status of said sWitching means corre 
sponds to a relatively high gain of said structure for Which 
the sWitches of said ?rst pair of sWitches are open, While the 
sWitches of said second and third pairs of sWitches are 
closed. 

Thus, for a high input signal, the gain of the structure is 
set to loW (?rst status) by opening the sWitches of the third 
pair so that the resistive value of the resistive means is 
maximum, While for a loW input signal, the gain is set to high 
(second status) by closing the sWitches of the third pair, the 
resistive value of the resistive means is thereby reduced. 
Moreover, as Will be explained in more detail later, the 
sWitching means prevents the resistive feedback netWork 
from injecting differential noise in the ?rst differential 
difference ampli?er When the gain is high. 

The above mentioned and other objects and features of the 
invention Will become more apparent and the invention itself 
Will be best understood by referring to the folloWing descrip 
tion of an embodiment taken in conjunction With the accom 
panying ?gure that repsents a loW noise ampli?er structure 
according to the invention. 

BRIEF DESCRIPTION OF THE DRAWING 

The sole ?gure shoWs a fully differential loW noise 
ampli?er structure based on a “differential Difference 
Ampli?er” (DDA) topology to assure a high resistive input 
impedance and a Wide input common mode range. It has a 
builtin programmable gain circuit sWitchable betWeen 2 dB 
and 20 dB, hereafter referred to as loW gain and high gain 
mode respectively. The ampli?er structure is implemented in 
a 0.5 pm standard CMOS technology. It consumes 1.9 mA 
from a single 3 Volt supply. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In more detail, the ampli?er structure essentially consists 
of a differential difference ampli?er DDA1 associated to 
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4 
feedback circuits R141, C141 and R1b, C1b. The ampli?er 
DDA1 has tWo differential input pairs N1, P1 and N2, P2, as 
Well as a differential output pair outp, outn. A complete 
description of such a differential difference ampli?er Will not 
be given in more detail hereafter since it is Well knoWn in the 
art, for instance from the article “A Versatile Building Block: 
The CMOS Differentiol Difference Ampli?er” by E. S 
ackinger et al., published in the IEEE JOURNAL OF 
SOLID-STATE CIRCUITS, VOL. SC-22, NO. 2, April 
1987, pages 287 to 294. 
The feedback circuits are constituted by the parallel 

connection of a resistor R141; R1b and a capacitor C141; C1b 
in order to provide loW pass ?ltering. These circuits couple 
back the terminals outp, outn of the differential output pair 
to input terminals of the ampli?er DDA1. A particularity of 
the ampli?er DDA1 is that the feedback circuit R141, C141 
connects the output terminal outp to the inverting input (—) 
N1 of the ?rst differential input pair N1, P1 of DDA1, While 
the feedback circuit R1b, C1b connects the output terminal 
outn to the non-inverting input (+) P2 of the second differ 
ential input pair N2, P2 of DDA1. An input signal Vin may 
then be applied to the remaining input terminals P1 and N2 
of DDA1, ie between the non-inverting input (+) P1 of the 
?rst differential input pair N1, P1 and the inverting input (—) 
N2 of the second differential input pair N2, P2. 
The ampli?er structure further includes a second differ 

ential difference ampli?er DDA2 and a resistive feedback 
netWork constituted by the series connection of four resistors 
R241, R241‘; R2b, R2b‘ and associated sWitches as Will be 
explained beloW. 
The ampli?er DDA2 has tWo differential input pairs N1‘, 

P1‘ and N2‘, P2‘, as Well as a differential output pair O1, O2. 
The inverting input (—) N1‘ of the ?rst differential input pair 
N1‘, P1‘ of DDA2 is connected to the inverting input (—) N1 
of the ?rst differential input pair N1, P1 of DDA1, via a 
feedback node A1, While the inverting input (—) N2‘ of the 
second differential input pair N2‘, P2‘ of DDA2 is connected 
to the non-inverting input (+) P2 of the second differential 
input pair N2, P2 of DDA1, via a feedback node B1. 
Furthermore, the non-inverting input (+) P1‘ of the ?rst 
differential input pair N1‘, P1‘ of DDA2 is connected to the 
non-inverting input (+) P1 of the ?rst differential input pair 
N1, P1 of DDA1, While the non-inverting input (+) P2‘ of the 
second differential input pair N2‘, P2‘ of DDA2 is connected 
to the inverting input (—) N2 of the second differential input 
pair N2, P2 of DDA1. As a consequence, the input signal Vin 
is also betWeen the non-inverting (+) input terminals P1‘ and 
P2‘ of DDA2. 

The resistors R241, R241‘; R2b, R2b‘ of the resistive feed 
back netWork are connected in series betWeen the terminals 
A1 and B1. The outputs O1 and O2 of DDA2 are coupled to 
the nodes A1 and B1 via sWitches GL1 and GL2, and to a 
common node CM linking the resistors R241‘ and R2b‘ via 
sWitches GH1 and GH2, respectively. Other sWitches GH3 
and GH4 are coupled across the resistors R241and R2b 
respectively, ie between the nodes A1 and A2, and B1 and 
B2, the node A2 linking R241to R241‘ and the node B2 linking 
R2b to R2b‘. 

The differential input resistance of the ampli?er structure 
is substantially in?nite. The DC gain is easily calculated as 
R1+R2/R2, With R1 being equal to the resistive value of the 
identical resistors R141 or R1b, and With R2 being equal to 
the resistive value of R241+R241‘ or its equivalent R2b+R2b‘, 
When the sWitches GH3 and GH4 are open. 

The second ampli?er DDA2 forces the common mode of 
the feedback nodes A1 and B1 of DDA1 to be equal to the 
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common mode of the differential input signal Vin. 
Therefore, DDA2 sources currents I1 and I2 into the resis 
tive feedback network. 

The status of the sWitches determine the gain mode of the 
ampli?er. In the high gain mode (20 dB), used for a loW 
input signal Vin, the sWitches GH1, GH2, GH3 and GH4 are 
all closed, While the sWitches GL1 and GL2 are open. In this 
high gain mode the output current of DDA2 for the common 
mode adjust is injected in the common node CM. This makes 
the noise generated by DDA2 a common mode noise, and 
thus unimportant to the differential output signal. This 
results in a minimum input referred noise. 

To sWitch the gain to the loW mode (2 dB), ie for a larger 
input signal Vin, the sWitches GH3 and GH4 are opened. An 
eXtra resistor R241/R2b is thereby inserted in the feedback 
netWork. HoWever, injecting the common mode adjust cur 
rent in the node CM results in problems of dynamic range of 
the output stage of the ampli?er DDA2. Therefore, the 
sWitches GH1 and GH2 are then also opened and the 
sWitches GL1 and GL2 are closed. The current is then added 
directly at the feedback nodes A1 and B1. In this Way, the 
output noise of DDA2 is added differentially to the ampli?er 
output. HoWever, in this loW gain con?guration the noise is 
less signi?cant With respect to the input signal Which is then 
much larger. 

The internal circuitry of the differential difference ampli 
?ers DDA1 and DDA2 is relatively classical and is therefore 
not shoWn in detail. It is hoWever important to note that in 
the ampli?er DDA1, the common mode of the outputs is 
forced to analog ground Which equals half the supply 
voltage. Furthermore, the input transistors of the differential 
pairs are dimensioned very large (750 44m/7.5 44m) to reduce 
the noise. The large W/L (Width-to-Length) ratio results in 
a high transconductance gm, Which reduces the input 
referred noise of the other transistors in DDA1. This is only 
possible When the input signal is applied across input 
terminals of different input pairs, i.e. P1 and N2 as in the 
present case, otherWise the W/L ratio of the input transistors 
could not be chosen too large in order to alloW the process 
ing of reasonable input signals With limited distortion. 

In the ampli?er DDA2, the output current is determined 
by the common mode of the input signal Vin applied to the 
non-inverting inputs P1‘ and P2‘ of the tWo differential pairs. 
The feedback nodes A1 and B1 of the resistive netWork are 
fed-back to the inverting nodes N1‘ and N2‘. This forms a 
common mode adjust loop. The input common mode range 
is limited at the loWer side, at the common mode of the 
outputs of DDA1, because the outputs of the common mode 
adjust DDA2 can only source current. HoWever, the input 
common mode range could easily be eXtended at the loWer 
side by adapting the output stage to sink and source current. 
The input common mode range Would then be limited at the 
loWer side by the saturation constraint of the current source 
of the input differential pairs of both DDA1 and DDA2. As 
a result, the input common mode range may vary from half 
the supply voltage up to the so-called upper rail voltage. 

It is to be noted that all the above mentioned sWitches 
GL1, GH1, GH3 and GL2, GH2, GH4 may be realiZed by 
CMOS transistors as it is Well knoWn in the art. Furthermore, 
although the present structure is described With only tWo 
possible gain modes, it is relatively easy for a person skilled 
in the art to eXtend the design of the resistive feedback 
netWork in order to obtain much more possible gain settings, 
eg by increasing the number of resistors and the number of 
sWitches across them. 

While the principles of the invention have been described 
above in connection With speci?c apparatus, it is to be 
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6 
clearly understood that this description is made only by Way 
of eXample and not as a limitation on the scope of the 
invention. 
We claim: 
1. LoW noise ampli?er structure adapted to amplify an 

input signal (VIN) applied to input terminals thereof to 
thereby generate an output signal (VOUT) at an output (outp; 
outn) thereof, said structure including: 

a differential difference ampli?er (DDA1) having said 
output and a plurality of input terminals (N1, P1; N2, 
P2) arranged in a ?rst (N1, P1) and in a second (N2, P2) 
differential input pair, said ?rst differential input pair 
(N1, p1) comprising a ?rst input terminal (N1) of a ?rst 
polarity type (—) and a second input terminal (P1) of a 
second polarity type (+) opposite to said ?rst polarity 
type, and said second differential input pair (N2, P2) 
comprising a third input terminal (N2) of said ?rst 
polarity type (—) and a fourth input terminal (P2) of said 
second polarity type (+); and 

a feedback structure (R141, C141, R241, R241‘; R1b, C1b, 
R2b, R2b‘) including ?rst feedback means (R141, C141; 
R1b, C1b) coupled betWeen said output and at least one 
input terminal (N1; P2) among said plurality (N1, P1; 
N2, P2) and second feedback means (R241, R241‘; R2b, 
R2b‘) coupled betWeen said one input terminal and a 
common node (CM), said input signal (VIN) being 
applied to a set of tWo input terminals (P1, N2) among 
said plurality and different from said one input terminal 
(N1; P2), 

characteriZed in that said input signal (VIN) is applied 
betWeen said second (P1) and said third (N2) input 
terminals of opposite polarity types of said ?rst (N1, 
P1) and second (N2, P2) differential input pairs 
respectively, 

in that said output (outp; outn) is a differential output 
comprising a ?rst output terminal (outp) and a second 
output terminal (outn), 

in that said ?rst second feedback means (R141, C141; R1b, 
C1b) comprises a ?rst feedback circuit (R141, C141) 
coupling said ?rst output terminal (outp) to said ?rst 
input terminal (N1) of said ?rst differential input pair 
(N1, P1), and a second feedback circuit (R1b, C1b) 
coupling said second output terminal (outn) to said 
fourth input terminal (P2) of said second differential 
input pair (N2, P2), and 

in that said second feedback means (R241, R241‘; R2b, 
R2b‘) comprises a third feedback circuit (R241, R241‘) 
coupling said ?rst input terminal (N1) to said common 
node (CM), and a fourth feedback circuit (R2b, R2b‘) 
coupling said fourth input terminal (P2) to said com 
mon node (CM). 

2. LoW noise ampli?er structure according to claim 1, 
characteriZed in that said structure further includes input 
common mode adjustment means comprising a second dif 
ferential difference ampli?er (DDA2) and a resistive feed 
back netWork (GL1, GH1, GH3, R241‘, R241; GL2, GH2, 
GH4, R2b, R2b‘), 

in that said second differential difference ampli?er 
(DDA2) has a second differential output (O1; O2) 
comprising a third output terminal (O1) and a fourth 
output terminal (O2), and has a second plurality of 
input terminals (N1‘, P1‘;N2‘, P2‘) arranged in a third 
(N1‘, P1‘) and in a fourth (N2‘, P2‘) differential input 
pair, said third differential input pair (N1‘, P1‘) com 
prising a ?fth input terminal (N1‘) and a siXth input 
terminal (P1‘) of opposite polarity types, and said 
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fourth differential input pair (N2‘, P2‘) comprising a 
seventh input terminal (N2‘) and an eighth input ter 
minal (P2‘) of opposite polarity types, 

in that said siXth (P1‘) and eighth (P2‘) input terminals are 
connected to said second (P1) and third (N2) input 
terminals respectively of the ?rst mentioned differential 
difference ampli?er (DDA1), and said ?fth (N1‘) and 
seventh (N2‘) input terminals are connected to said ?rst 
(N1 ) and fourth (P2) input terminals respectively of 
said ?rst differential difference ampli?er (DDA1), and 

in that said resistive feedback netWork (GL1, GH1, GH3, 
R241, R241‘; GL2, GH2, GH4, R2b, R2b‘) includes said 
feedback structure (R141, C141, R241, R241‘; R1b, C1b, 
R2b, R2b‘) Whereof said third feedback circuit (R241, 
R241‘) and said fourth feedback circuit (R2b, R2b‘) are 
resistive means coupling said ?fth input terminal (N1‘) 
to said seventh input terminal (N2‘) via said common 
node (CM), and is adapted to couple said third (O1) and 
fourth (O2) output terminals of said second differential 
difference ampli?er (DDA2) to said ?rst (N1) and 
fourth (P2) input terminals respectively of said ?rst 
differential difference ampli?er (DDA1). 

3. LoW noise ampli?er structure according to claim 2 
characteriZed in that said resistive feedback netWork (GL1, 
GH1, GH3, R241, R241‘; GL2, GH2, GH4, R2b, R2b‘) further 
includes sWitching means (GL1, GH1, GH3; GL2, GH2, 
GH4) adapted to couple said third (O1) and fourth (O2) 
output terminals of said second differential difference ampli 
?er (DDA2) to said ?rst (N1) and fourth (P2) input terminals 
of said ?rst differential difference ampli?er (DDA1) either 
directly for a ?rst status of said sWitching means or via said 
resistive means (R241,R241‘; R2b, R2b‘) for a second status of 
said sWitching means. 

4. LoW noise ampli?er structure according to claim 3, 
characteriZed in that each of said third (R241, R241‘) and 
fourth (R2b, R2b‘) feedback circuits include a same plurality 
of series connected resistors (R241, R241‘; R2b, R2b‘), and 

in that said sWitching means (GL1, GH1, GH3; GL2, 
GH2, GH4) includes: 

a ?rst pair of sWitches (GL1; GL2) adapted to connect 
said third (O1) and fourth (02) output terminals of said 
second differential difference ampli?er (DDA2) to said 
?rst (N1) and fourth (P2) input terminals of said ?rst 
differential difference ampli?er (DDA1); 
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a second pair of sWitches (GH1; GH2) adapted to connect 

said third (O1) and fourth (O2) output terminals of said 
second differential difference ampli?er (DDA2) to said 
common node (CM) of said third (R241, R241‘) and 
fourth (R2b, R2b‘) feedback circuits; and 

at least a third pair of sWitches (GH3; GH4), each sWitch 
(GH3; GH4) of said third pair being connected across 
a resistor (R241; R2b) of a distinct one of said resistive 
means (R241, R241‘; R2b, R2b‘). 

5. LoW noise ampli?er structure according to claim 4, 
characteriZed in that said ?rst status of said sWitching means 
(GL1, GH1, GH3; GL2, GH2, GH4) corresponds to a 
relatively loW gain of said structure for Which the sWitches 
of said ?rst pair of sWitches (GL1; GL2) are closed, While 
the sWitches of said second (GH1; GH2) and third (GH3; 
GH4) pairs of sWitches are open, and 

in that said second status of said sWitching means (GL1, 
GH1, GH3; GL2, GH2, GH4) corresponds to a rela 
tively high gain of said structure for Which the sWitches 
of said ?rst pair of sWitches (GL1; GL2) are open, 
While the sWitches of said second (GH1; GH2) and 
third (GH3; GH4) pairs of sWitches are closed. 

6. LoW noise ampli?er structure according to claim 1, 
characteriZed in that said ?rst (N1) and third (N2) input 
terminals of the ?rst mentioned differential difference ampli 
?er (DDA1) are inverting (—) input terminals, While said 
second (P1) and fourth (P2) input terminals of said ?rst 
differential difference ampli?er (DDA1) are non-inverting 
(+) input terminals. 

7. LoW noise ampli?er structure according to claim 2, 
characteriZed in that said ?fth (N1‘) and seventh (N2‘) input 
terminals of said second differential difference ampli?er 
(DDA2) are inverting (—) input terminals, While said siXth 
(P1‘) and eighth (P2‘) input terminals of said second differ 
ential difference ampli?er (DDA2) are non-inverting (+) 
input terminals. 

8. LoW noise ampli?er structure according to claim 1, 
characteriZed in that said ?rst (R141, C141) and second (R1b, 
C1b) feedback circuits of said ?rst feedback means (R141, 
C141; R1b, C1b) each are a ?lter circuit comprising the 
parallel connection of a resistor (R141; R1b) and a capacitor 
(C141; C1b). 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENTNO. : 5,861,778 

DATED : January 19, 1999 

INVENTOR(S): F. Louagie et a1 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

At column 6, line 13 (claim 1, line 9), please cancel 
"pl" and substitute therefor ——P1——; 

at line 39 (claim l,line 34) , after "first", 
please cancel "second"; and 

at line 57 (claim 2, line 5), please cancel 
"R2a', R2a" and substitute therefor --R2a, R2a'——. 

Signed and Sealed this 

First Day of June, 1999 

Q. TODD DICKINSON 

Attesting O?ic‘er Acting Cummixxirmer of Patents and Trademarks 


